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THIN MULUPUB semiconductor DDE ASSEMBLY 

BACKGROUND OF THE EWENTION 

1. FIELD OF THE INVENTION 

S The present invention relates generaUy to semiconductor manufacture and 

more particularly, to the packaging of a multiple semiconductor die assembly. 

2. DESCRIPTION OF PRIOR ART 

Portable electronic devices such as. for example, radiotelephones, pagers and 
personal electronic assistants (PDAs), are becoming increasingly complex, while also 
bemg provided in increasingly smaUer and lighter form factors. Semiconductor chips 
or dice such for example a microprocessor die and a memory die. are used within 
the portable electronic devices. Typically, a die is provided in a ceramic or plastic 
packagmg that provides support, protection, dissipates heat for the die and provides a 
lead system for power and signal- distribution. One type of packaging provides 
indnndually packaged dies. Another type of packaging provides many dies in one 
package. 

One example of a package having multiple semiconductor dice is U.S. Patent 
No. 6.452.278. issued September 17. 2002, to Vincent DiCaprio et al. DiCaprio et al 
descnbe a package including a substrate having a central aperture. DiC^rio et al 
fiirther describe one or more semiconductor dice disposed within the ^^rture to 
provide a thin profile. 

As is appreciated by those in the art. there are higher costs associated with 
reworkmg a failure in packages including multiple dies as opposed to reworking a 
faded, single die package. To minimize cost, semiconductor manufecturing employs 
a Known Good Die (KGD) rule. Generally speaking, the KGD rule.refers to a die 
level product provided by a semiconductor die mamifecturer that carries with it a 
certain level of guaranteed reliability. 

Accordingly, the inventors realized that a need exists-for semiconductor 
packages having higher fonctionaUty (e.g.. more than one die in a package), a thin 
profile and which satisfy the KGD rule. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The above set forth and other features of the invention are made rhore 
apparent in the ensuing Detailed Description of the Preferred Embodiments when read 
in conjunction with the attached Drawings, wherein: 
5 FIG. 1 A is a plan view of a support structure for a semiconductor die package 

including a lead frame and a carrier, • 

FIG. IB is a side, cross-sectional view of the semiconductor die package 
support structure of FIG. 1 A; 

FIG. 2A is a plan view of the support structure of FIG. 1 A with semiconductor 
) dies attached therein; 

FIG. 2B is a side, cross-sectional view of the semiconductor die package 
support structure of FIG. 2A; 

FIG. 3A is a plan view of the support structure of FIG. 2A illustrating a 
molding operation; 

FIG. 3B is a side, cross-sectional view of the semiconductor die package of 
FIG. 3A; 

FIG. 4A is a plan view of the support structure of FIG. 3A illustrating removal 
of a carrier portion of the support structure; 

FIG. 4B is- a side, cross-sectional view of the semiconductor die package of 
'FIG.4A; 

FIG. 5A is a plan view of the support structure of FIG. 4A illustrating forming 
of fingers of the lead fiame; 

FIG. 5B is a side, cross-sectional view of the semiconductor die package of 
FIG. 5 A ; 

HGS. 6A and 6B illusttates exemplary features of one embodiment of a 
semiconductor die package constracted in acconiance with the present invention; 

FIG. 7 iUustrates an exemplary stacked multiple semiconductor die assembly 
constructed in accordance with one embodiment of the present invention; 

FIG. 8 illustrates an exemplary stacked multiple semiconductor die assembly 
constructed in accordance with another embodfanent of the present invention; and 

FIG. 9 illustrates an exemplary stacked multiple semiconductor die assembly 
constructed in accordance with yet another embodiment of the present invention. 
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Identically labeled elements appearing in different ones of the above-described 
figures are intended to ref« to the same elements but may not be referenced in the 
description for all figures. 

5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIGS. lA andlB iUustrate a support structure for a semiconductor die package 
including a lead frame 10 dispose on a carrier 20 such as. for example;a thin tape or 
lammate. In accordance with one aspect of the present invention, the lead frame 10 is 
configured as a plurality of rows and colunms to accommodate a plurahty of 
10 semiconductor dice in apertures in the lead frame, shown generally at 12. formed 
between associated intersections of the rows and columns. In one embodiment the 
earner 20 is a thin tape made of polyimide or another plastic material 

As shown in FIGS. 2A and 2B. a plurahty of semiconductor dice 30 are 
positioned within the lead frame 10, e.g.. in the apertures 12 formed at the 
15 mtersectaons of associated rows and columns. Each of the dice includes a first surface 
32 and a second surface 34. Wire bonds 40 are disposed on the first surface 32 of 
each d,e 30 to electrically couple the die 30 to the lead frame 10. The carrier 20 
^.pports the second surface 34 of the die 30. It should be appreciated that each of the 
plurahty of semiconductor dice 30 are disposed in the apertures 12 fonned between 
20 mtersections of the rows and columns of the lead frame 10 such that the first surface 
32 of each die 30 is substantially coplanar with a first surface 14 of the lead frame 10 

As shown in FIGS. 3A and SB. an encapsulant 50 is individually molded over 
ea^h Of the plurality of dice 30 and wire bonds 40 such that the encapsulant 50 
substantially encompasses each of the dice 30. e.g.. by filling correspondmg ^ertur«. 
25 12. In one embodiment. Sides ofthe encapsulant 50 are tapered. 

Once the encapsulant 50 is applied to the lead fl^e 10. the carrier 20 may be 
~ FIGS. 4A and 4B. illustrate the removal operation. When complete, the 
J*»ahty of dice 30 are suspended within tire aperture, 12 of fl,e lead frame 10 by the 
^r^sulant 50. Ttc first surfi^e 32 of each die 30 is encapsulated while the second 
30 sisrface 34 is exposed. 

FIOS. 5A a«i 5B iU„^ „ Mvidual «,nicond„«or die package. Aown 
^n-^ny a. .00. d^ta, been separated e«,fta™es«p. Aa s.L,wn in 
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FIGS. 5A and 5B. exposed portions of the lead fiame 10 define fingers 10' that are 
fonned in an «s-like» shape. The fingers 10' extend down from the first surface 14 of 
the lead frame and provide a cavity, shovm generally at 102. below the die 30. Once 
separated, the die packages 100 are tested and bumed-in in accordance with industry 
standard processes to ensure KGD reliability. 

FIGS. 6A and 6B iUustrates one embodiment of the semiconductor die 
package 100 configured in accordance with the present invention. Three exemplary 
dimensions are labeled "A", "B" and «C" and illustrate thickness of the package 100. 
As shown, the novel configuration of the package 100 faciUtates fonnation of stacked, 
multiple semiconductor die packages having a thin profile. 

For example, FIG. 7 illustrates a five (5) semiconductor die assembly 200 
wherein layered die packages 210-250, respectively, are assembled. It should be 
appreciated that each of the die packages 210-250 are similar to die package 100. 
except that dimensions A of corresponding lead frame fingers 10' vary to' 
accommodate lower level packages. As shown in FIG. 7. the die packages 210-250 
and corresponding lead fi:ame portions are such that as the die papkage 200 is 
assembled, the encapsulated die and wire bonds of a lower die package is positioned 
in a cavity (e.g., similar to cavity 102) formed by a next higher stacked die package in 
the assembly 200. For example, die package 210 is assembled such that its 
encapsulated die and wire bonds (collectively referenced at 214) are disposed withm 
cavity 222 of die package 220, die package 220 is assembled so that its encapsulated 
die and wire bonds 224 are disposed within cavity 232 of die padcage 230. die 
package 230 is assembled such that its enc^sulated die and wire bonds 234 are 
disposed within cavity 242 of die package 240 and die package 240 is assembled such 
.that its encapsulated die and wire bonds 244 are disposed within cavity 252 of die 
package 250. 

It should be ^preciated that the relative thickness of the die package 200 is 
calculated by tally successive sets of the A. B and C. or B and C dimaisions of the 
associated die packages 210-250 as follows. 

First Layer - die package 210, thickness = A + B + C; plus 
Second Layer - die package 220, fiiickness = B + C (since dimension A is 
already accounted for by the lower layer)jplus 
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ThiM Layer - die package 230, IWckiiess = B + C; plus 
Fomfli Layer - (He package 240, tluokness - B + C; plus 
Fiffli Layer - die package 250, Hiickness = B + C. 

Accordingty, stocked die packages assembl«I as Ao™ »ia, respect to die 

5 P»^200«alizeatlu.«erp,oiitethancouventiouals.ackcddiepackageswhe^^ 
e«h diep«!kage is simple assembled upon a lower level package 

FIG. 8 iltosttates a five (5) semiconductor die assembly 300 having layered 
d.e packages 310, 320, 330. 340 and 350, respectively, assembled in acco^iance with 

TZT'TTt"''^'^'"^'''^ 316, 326, 

336, 346 ami 356 of die packages 310, 320, 330, 340 and 350, .espectively, a« of a 

«m.lar dimension, e.g., dimension A (heigh, of a finger) is mufonn fcr each of .he 

flogeta 316. 326, 336, 346 and 356. 6, one embodiment, the die packages 310-350 

are temporatUy bonded .ogefcer in a layered mam^ with an adhesive such as for 

««npl^ . eyanoacrolate adhesive or the like, or an unsupported tape adhesive ' 

3.0 adhesively bo„d«. die packages 

31^350 are seemed m the layered msmter by dippmg each of the package, into a 
».gh ftunpemmre solder bad, such that .he fingers 316. 326, 336, 346 and 356 are 
^JT" by solder that remains between fl,em, sho™ generaUy a. 314, 324, 
334 and 344. As shown in FIG. 8. the solder 314, 324, 334 and 344 efl«dvely closes 
cavittes 322, 332. 342 and 352 of respe«ive die packages 320, 330, 340 and 3^. 

FIG, 9 illustrates a five (5) s«„iconductor die assembly 400 having liyeted 
d,e pacl^ges 4,0. 420. 430, 440 and 450, respectively, assembled in accotdanceU 
ye. anottter embodiment of the present invenHoa As with the assembly 300 of FIG 
8. fingers of die packages 410, 420, 430. 440 and 450 have a similar heigW 

^rr"" '-*«>''odimen..«.el.yereddiepackages410,420, 
430, 440 and 450 are secured by disposing high tempe.an.re solder balls 414 424 
4^ and 444 to bond togea^r the fing«. of «.e die packages 4.0, 420, 430, 44; and' 
450 As shown m FIG 9, soMer balls 414, 424, 434 and 444 eflectively Cose 
cvtnes 422, 432, 442 and 452 of t^pedve die packages 420. 430, 440 and «0 

It should also be appteciatel that HGS. .A.5B depic „empl«y stages of 
assembly ofastackedsemic«K.ucrpackage,suchaa.hatshow„inP,Gr7,8L9. 
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Some benefits of stacked semiconductor packages configured in accordance 
with the present invention include: 

• The package is an ideal KGD and stacked die package solution for less 
than about 200 I/O; 

• Using a lead fi:ame instead of laminate substrate reduces the cost of the 
package; 

• Recessing a die such that it is substantially flush to surrounding lead frame 
portions allows a low profile package of about 0.4mm thickness. 

While the invention has been described and illustrated in connection with 
preferred embodiments, many variations and modifications, as will be apparent to 
those of skill in the art, may be made without departing from the spirit and scope of 
the invention. By example, and as discussed above, the teachings of this invention are 
not intended to be limited to any specific number of stacked die package arrangement, 
such as the five die package arrangement described in detail above. That is, it should 
be appreciated that aspects of the present invention apply equaUy to other 
semiconductor arrangements where a thinner profile is desirable. 

Accordingly, the invention as set forth in the appended clams is not limited to 
the precise detaUs of construction set forth above as such other variations and 
modifications as would be apparent to one skilled in the art are intended to be 
included witiun the spkit and scope of the invention as set forth in the defined claims. 
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CUJMS 

■What is claimed is: 

1 . A stacked semiconductor die assembly, comprising: 
5 a plurality of die packages, each including: 

a lead fiame having an ^erture, a first surfece and a plurality of 
fingers extending down fiom said first surface to form a cavity below said lead 
frame; 

a sesniconductor die disposed in the aperture, said semiconductor die 
10 having a first surface and a second surface, said first surface being 

substantially coplanar with said first surfece of said lead fiame; 

a plurality of wire bonds electrically coupling said semiconductor die 
to said lead firame; and 

an encapsulant disposed in said aperture and substantially 
encon^jassing said semiconductor die and said plurality of wire bonds, said • 
second surface of said semiconductor die being exposed to said cavitjr, 
wherein said plurality of die packages are assembled in a layered manner such 
that said encapsulated semiconductor die and wire bonds are disposed in said cavity 
of a next higher die package in said layered assanbly. 



15 



20 



2. A method for forming a stacked multiple semiconductor die assembly, 
comprising: 

forming a pluraUty of individual semiconductor die packages, including: 

providing a support structure including a lead fernie disposed on a 
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canier, the lead fiame having a plur^ty of rows and columns and ^ertures 
formed at intersections of the plurality rows and columns; 

attaching a pIutaKty of semiconductor dice to the earner within the 
apertures of the lead frame such that a first surface of each semiconductor die 
is substantially coplanar with a first surfece of the lead firame; 

electrically coupling each of Ihe semiconductor dice to the lead frame 
with a plurality of wh% bonds; 

individually encapsulating each of the semiconductor die and wire 
bonds such diat the ^rtures is filled; 

removing the canier from the lead frame to expose a second surface of 
the semiconductor, the second surfece being opposite to the first surface of the 
semiconductor; and 

forming a plurality of fingers from portions of die lead frame 
extending from the apertme and down from the first surface of the lead frame, 
the fingers forming a cavity below the aperture; and 

fonning a multiple semiconductor die assembly in a layered mamier by 
disposing a first semiconductor die package m the cavity fonned by the fingeis of a 
next higher semiconductor die package. ■ 



10 
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ABSTRACT OP THE DTSni OST n?T? 

A method and apparatus for forming a multiple semiconductor die assembly 
havmg a thin profile are presented. The assembly includes one or more individuaUy 
formed semiconductor packages stacked in a layered manner. Each semiconductor 
package includes a lead fiame, a semiconductor die electrically coupled to the lead 
frame by vnre bpnds. The lead frame has an aperture, a first surface and a plurality of 
fingers extending down from the first surface to fonn a cavity below the lead fiame. 
The semiconductor die is disposed in the aperture and has a first surface and a second 
surface. The first surface is substantially coplanar with the first surfece of the lead 
frame. An encapsulant is disposed in the aperture and substantially encompasses the 
semiconductor die and wire bonds, while leaving^ the second surface of the 
semiconductor die exposed to the cavity The assembly is formed in a layered mamier 
such that the encapsulated semiconductor die and wire bonds of a first die package are 
disposed in the cavity of a next higher die package in the layered assembly. 



\!58I9\1\385599.2 




RFST AVAILABLE COPY 




BEST AVAILABLE COPY 




^»=?^T AVAILABLE COPY 




BEST AVAILABLE COPY 




'^f=9T AVAII ARLE COPY 




tirqT A\/AM ARLE COPY 




::^FST AVAILABLE COPY 



